Background
==========

While the aetiology of schizophrenia is still poorly understood, many researchers believe that the disorder is a consequence of genetic and environmental factors that impact on brain development \[[@B1]-[@B3]\]. Because prenatal brain development is not open to direct scrutiny, researchers have resorted to the study of minor physical anomalies and dermatoglyphic variables. Dermatoglyphic patterns form on the finger pad and on the palm by the end of the second trimester and remained unchanged thereafter \[[@B4],[@B5]\], thus these features may serve as proxy markers of altered early development in psychosis \[[@B6],[@B7]\].

In recent decades a large body of biological research has developed around the concept of fluctuating asymmetry (FA), which has been defined as random differences between the right (R) and left (L) sides of a morphological trait \[[@B8]\]. When the distribution of the right minus left (R-L) differences in a population sample approximates a normal curve with a mean of zero (or close to zero), the variance of the distributions of R-L difference is a measure of FA \[[@B8]-[@B11]\]. FA has been regarded by many researchers as primarily being an expression of environmental \'noise\' \[[@B12],[@B13]\] disrupting the fidelity of the genetic \'signal\'. However, genetic factors may also have a weak link to FA in finger ridge counts \[[@B13]\] and *a-b*ridge counts \[[@B12]\]. It has been proposed that the degree of FA in an organism reflects the \'developmental instability\' of that organism \[[@B14],[@B15]\].

While FA requires that the R-L differences are random and non-directional, directional asymmetry (DA) involves a significant departure from zero of the normally distributed mean of R-L differences. Examples in humans include the asymmetry of the planum temporal, branching of the bronchi, and the distribution of certain internal organs. There is evidence demonstrating rightward DA in finger ridge counts \[[@B16],[@B17]\]. Loesch & Martin \[[@B17]\] and Martin et al. \[[@B13]\] emphasizes that genetic factors affect directional asymmetry. In the light of the robust evidence showing a loss of normal cerebral asymmetry in schizophrenia \[[@B18]\], it is surprising that DA in dermatoglyphic variables has received little attention. Only two studies have compared DA in schizophrenia versus control groups \[[@B9],[@B19]\] in which there were no significant group differences for DA.

The early literature reported a relatively diverse and inconsistent range of dermatoglyphic alterations in schizophrenia (see review by Loesch \[[@B20]\]). However, more consistent results have emerged from recent studies that have examined ridge count variables in patient group assessed with modern diagnostic criteria. For example, most recent studies have found that patients with schizophrenia have reduced palmar *a-b*counts (between the palmar triradi below the index and middle fingers) compared to controls \[[@B21]-[@B26]\], but not all studies have found this \[[@B27]\]. However, studies that have examined other quantitative dermatoglyphic variables in schizophrenia and psychosis have produced inconsistent results. At least four studies in the last decade reported reduced total finger ridge counts in schizophrenia compared with normal controls \[[@B23],[@B25],[@B26],[@B28]\] while others have found no significant differences between patients and controls \[[@B21],[@B22],[@B24]\]. In addition, two studies have demonstrated significantly greater intra-pair differences in ridge counts for monozygotic twins discordant for schizophrenia compared to monozygotic twin pairs concordant for schizophrenia \[[@B21],[@B29]\].

Several studies have reported greater dermatoglyphic FA for both *a-b*ridge counts and fingerprint patterns in individuals with schizophrenia compared to normal controls \[[@B14]\]. Later studies reported similar findings for finger ridge counts \[[@B9],[@B25],[@B30],[@B31]\], and palmar *a-b*ridge counts \[[@B9],[@B25],[@B29],[@B30]\]. Greater FAs were also observed in twins concordant for schizophrenia in finger ridge counts compared to pairs in which one co-twin was normal \[[@B19]\].

With respect to affective psychosis, the studies of dermatoglyphic variables have been inconsistent. Some studies have reported lower finger and *a-b*ridge counts and an increase of aberrant dermatoglyphic features in affective psychosis (mainly bipolar disorders) \[[@B25],[@B32],[@B33]\], while other studies have reported no group differences \[[@B14],[@B34]\].

The lack of consistency in the literature may be due to the differences in sample characteristics, methodology, or analytical techniques. Most of the recent studies that have examined dermatoglyphic variables in schizophrenia have been based on relatively modest sample sizes, thus small group differences may have been missed due to lack of power. In addition, different methods of FA measure have been used. Some studies have used FA scores based on the spread or variability of the measures- the \'correlation method\' \[[@B9]\], while other have used simpler measures derived from right or left shift in the mean scores- the \'difference method\' \[[@B12],[@B25],[@B30]\]. We have examined dermatoglyphic variables in a relatively large case-control study where subjects were drawn from a population-based prevalence study of psychosis using both the \'correlation\' and the \'difference\' methods. We compared non-affective psychosis and affective psychosis with controls. We hypothesised that (a) those with non-affective psychosis would have higher FA compared to well controls, and (b) those with affective psychosis would have higher FA compared to well controls. We also predicted that those with non-affective psychosis would have less DA compared to well controls.

Methods
=======

Subjects and diagnostic assessment
----------------------------------

Subjects were drawn from a case-control study designed to examine risk factors for psychosis\[[@B35],[@B36]\]. Individuals with psychosis were drawn from one of the four catchment areas in the recent Australian national prevalence study of psychosis (the Queensland segment of the National Survey of Mental Health and Well-being- Low prevalence (psychotic) disorders) \[[@B37],[@B38]\]. Within an area of south-east Queensland (eligible population = 581,332) we undertook a one-month census at a wide range of sites (inpatient, outpatient, clinic, general practice, private psychiatrists, hostels, boarding homes, homeless shelters, day centres) in order to identify persons aged 18--64 who were in contact with mental health services in the area and who met screening criteria for psychotic disorders. During the census month (June 1997), a total of 2,180 individuals were screened for symptoms of psychosis using the Psychosis Screen \[[@B37]\] This instrument, derived from psychosis screening items of the Composite International Diagnostic Interview (CIDI)\[[@B39]\] and the Psychosis Screening Questionnaire \[[@B40]\]()(), is a six-item screen for specific psychotic symptoms current or at any time in the past with one item for the rater to record their judgement whether psychotic symptoms may be present. Of the 2,180 individuals screened, 1,513 were positive for psychosis. Over an 18-month period, we recruited 310 of the positive survey members to participate in the current study (cases were randomly selected for screen-positive survey members). Concerning the representativeness of the final 310 subjects, there were no significant differences in age (t = -1.31, df 1511, p = 0.20) nor sex (chi-square = 1.73, df 1, p = 0.19) between this group and the remaining 1203 positive individuals. The normal control subjects were recruited from the same catchment area via advertisements in local newspapers. All subjects included in this study provided written informed consent, and the study was approved by the Wolston Park Hospital Institutional Ethics Committee.

All patients and normal controls were assessed with the Diagnostic Interview for Psychosis (DIP) \[[@B37]\] which uses probes derived from the Schedule for the Assessment of Clinical Neuropsychiatry (SCAN) \[[@B41]\] The raters (clinical psychologists and experienced research nurses) attended national training programs in the use DIP and participated in inter-rater reliability exercises as part of the national study (agreement on diagnosis weighted kappa = 0.60, p \<0.01). Normal control status or patient\'s diagnosis was confirmed with the Operational Criteria for Psychosis (OPCRIT), a 90-item checklist linked to a computer diagnostic algorithm- DSM-III-R\[[@B42]\]. DSM-III-R diagnoses were divided into non-affective psychosis (schizophrenia, schizophreniform psychosis, delusional disorder, atypical psychosis) and affective psychosis (bipolar disorder and mania with psychosis, depression with psychotic features, schizoaffective psychosis).

Dermatoglyphic measures
-----------------------

Finger and palm prints of both hands were taken from subjects using a standard inkless technique. We measured (a) finger ridge counts (FRC) for each digit separately, and (b) *a-b*ridge counts (*a-b*RC), which is the number of ridges intersected by a line drawn between the *a*triradius (at the base of the index finger) and *b*triradius (at the based of the middle finger) of the palm in each hand. All measures were assessed by one trained rater, who was blind to the subject\'s group status, under the supervision of one of the authors (DL). We followed standard scoring procedures as outlined in Loesch \[[@B20]\].

Statistical analysis
--------------------

While the overall difference between the three groups was assessed, the primary analyses involve three group comparisons; (a) non-affective psychosis (schizophrenia, schizophreniform psychosis, delusional disorder, atypical psychosis) versus controls, (b) affective psychosis (depression with psychosis, bipolar disorder, schizoaffective psychosis) versus controls and (c) non-affective psychosis versus affective psychosis. Because we expected the prevalence sample to have different sex ratios (e.g. more men than women in the non-affective psychoses compared to the affective psychosis), and as dermatoglyphic variables such as FRC differ between males and females \[[@B20]\], all comparisons were undertaken in males and females separately. Group differences (among three groups and between any two groups) were assessed using a General Linear Model (GLM) while groups were further compared by the Tukey-Kraemer test for adjusted probability estimates.

Following standard recommendations, we used two different methods to calculate FA \[[@B10],[@B11]\]. In the first method, comparisons were made in ridge counts between homologous fingers of the right and left hands using Pearson product-moment correlation coefficients (r) \[[@B43]\]. The difference in correlation coefficients between cases and controls was calculated using Fisher\'s z-transformation \[[@B44],[@B45]\]. The square of the product-moment correlation coefficient (r) is a measure of their common variance, and 1 - r^2^is an estimate of error variance, and thus a measure of FA \[[@B46],[@B47]\]. This method (henceforth referred to FA-correlation) is not affected by directional asymmetry \[[@B10],[@B11]\] and has been used in previous schizophrenia research \[[@B9]\]. As a second measure, FA was obtained by subtracting the left hand count from the right hand count and dividing by the average of the sum of both hand counts, and then taking the absolute value of the quotient \[[@B10],[@B11]\]. This second method has also been used in previous schizophrenia research \[[@B30]\].

In keeping with earlier dermatoglyphic studies in schizophrenia \[[@B9],[@B19]\], we analysed ridge counts separately in each homologous finger. Antisymmetry was assessed using tests of platykurtic or bimodal distribution of signed R-L differences of the distribution. Because directional asymmetry (DA) has been reported for ridge counts on the thumb \[[@B48]\], we assessed DA following the recommendation of Palmer \[[@B10]\]. The presence of DA artificially inflates the values of the FA-difference scores used in this study. Thus, if significant DA was identified, FA-difference scores for all measures were adjusted by subtracting average mean right left difference (mean(R-L)/2) from the side with the larger mean and adding it to the smaller side of all individuals in the sample \[[@B11]\]. This variable will be referred as \'adjusted FA-difference\'. In addition, we examine DA in the primary analyses involving all three group comparisons.

All analyses used SAS programming (version 8), and all significance tests were two-tailed with an alpha levels of p \< 0.05.

Results
=======

Of the 310 patients with psychosis and 303 normal controls recruited into the original risk factor study, finger and palm prints were available in 240 individuals with psychosis and in 228 normal controls. Three percent (7) of cases and seven percent (16) control subjects declined to provide prints. The quality of prints for fingers and the *a-b*palmar area of the remaining 63 patients and 59 controls was not suitable for inclusion in the study. There was no significant group difference in the distribution of missing prints (χ^2^= 0.05, p = 0.81)

There were no statistically significant differences in sex distribution when the \'included subjects\' were compared to \'subjects not suitable for assessment\' (χ^2^= 0.21, p = 0.65). Similarly, no sex differences were noticed when the three groups were examined separately between \'included subjects\' and \'not suitable for assessment\' subjects (data not shown). However, the mean age of the subjects \'not suitable for assessment\' was significantly lower than the \'included subjects\' in the study (29.1 ± 13.9 versus 43.8 ± 9.6 years respectively; t =-14.4, df = 611, p \< 0.001). This difference remained significant when the three groups were analysed separately (data not shown). However, since the dermatoglyphic variables examined in this study are stable after birth, it is unlikely that this difference would impact on the validity of the results.

Of the 240 individuals with psychosis, 181 had a non-affective psychosis (males:females = 118:63; schizophrenia n = 166, delusional disorder n = 10, atypical psychosis n = 5), while 59 had an affective psychosis (males:females = 25:34; bipolar disorder n = 24, mania with psychosis n = 12, depression with psychotic features n = 14, schizoaffective psychosis n = 9). Within the control group there were 122 males and 106 females.

Means and standard deviations for dermatoglyphic scores are shown in Table [1](#T1){ref-type="table"}. There were no significant group differences for any of the ridge count measures when assessed in the three group comparisons, nor in comparing non-affective psychosis versus control, affective psychosis versus control, and non-affective psychosis versus affective psychosis.

###### 

Mean and standard deviation for dermatoglyphic variables by sex and by groups

                        Mean (Standard deviation)                                                         
  --------------------- --------------------------------- ----------------------------------------------- -----------------------------------------
                        Controls N = 228† (M:F 122:106)   Non-affective psychosis N = 181† (M:F 118:63)   Affective psychosis N = 59† (M:F 25:34)
                                                                                                          
  **Males**                                                                                               
   Right subtotal FRC   74.47 (27.60)                     73.58 (22.77)                                   66.95 (29.94)
   Left subtotal FRC    71.66 (23.85)                     69.75 (22.84)                                   63.52 (29.83)
  **Total FRC**         144.67 (50.13)                    143.51 (44.82)                                  130.65 (59.84)
   Right *a-b*RC        41.12 (6.34)                      42.15 (5.41)                                    41.81 (5.52)
   Left *a-b*RC         41.45 (6.21)                      42.49 (5.57)                                    42.83 (5.15)
  **Total***a-b*RC      82.58 (11.71)                     84.51 (10.23)                                   84.40 (10.14)
  **Females**                                                                                             
   Right subtotal FRC   68.30 (26.05)                     66.16 (26.19)                                   68.64 (26.69)
   Left subtotal FRC    66.01 (27.51)                     62.34 (26.44)                                   64.12 (27.06)
  **Total FRC**         133.71 (53.06)                    126.68 (51.17)                                  135.12 (49.39)
   Right *a-b*RC        42.04 (5.49)                      41.38 (5.71)                                    41.60 (6.85)
   Left *a-b*RC         42.86 (4.91)                      42.23 (4.73)                                    41.87 (6.87)
  **Total***a-b*RC      85.26 (9.86)                      83.94 (9.09)                                    83.28 (12.96)

FRC = finger ridge count, *a-b*RC = *a-b*ridge count †The number of subjects available for each dermatoglyphic variable varies slightly

There was no platykurtic and/or bimodal distributions of right-left differences (indicative of antisymmetry) for any of dermatoglyphic variables (data not shown).

When assessed within groups, we identified significant directional asymmetries (DA) for certain finger ridge counts but not for *a-b*ridge counts. Significant DA in ridge counts for the thumb was found in each of the three groups for males (all p \< 0.01) and in females from the non-affective psychosis and normal control groups (p \< 0.05) (Figure [1](#F1){ref-type="fig"}). For total ridge counts, significant DA was found in male non-affective group (p \< 0.01) and female normal controls and female affective psychosis (p \< 0.02). Significant DAs was also identified in the ring finger (4^th^finger), (a) males with non-affective psychosis (p \< 0.02), and (b) females normal controls (p \< 0.01) (data not shown). In every case, the direction of the asymmetry was towards the right (i.e. more ridge counts on the right compared to the left at the group level). When we compared DA in the three group comparisons, no significant group differences were noted (data not shown).
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Few significant group differences were identified on the measures of FA (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). The FA-correlation method identified significantly more FA in the second digit (the index finger) in males with non-affective psychosis compared to normal controls (p = 0.02), and when comparing non-affective psychosis with affective psychosis (p \< 0.001) (Table [2](#T2){ref-type="table"}). There was significantly more FA in the fifth digit (little finger) in males with non-affective psychosis when compared with the affective group (p = 0.02). There were no significant FAs in *a-b*ridge counts when using the FA-correlation method.

###### 

Fluctuating asymmetry -- correlation method: Correlation co-efficients of finger ridge counts and*a-b*ridge counts in male and females

                            Controls      Non-affective psychosis   Affective psychosis
  ------------------------- ------------- ------------------------- ---------------------
  Measure                   1 - r^2^(a)   1 - r^2^(b)               1 - r^2^(c)
                                                                    
  **Males FRC**                                                     
  Digit I                   0.33          0.51                      0.33
  Digit II                  0.34          0.59\*                    0.15
  Digit III                 0.41          0.42                      0.39
  Digit IV                  0.36          0.38                      0.38
  Digit V                   0.45          0.66\*\*                  0.26
  FRC (right vs left)       0.14          0.23                      0.09
  *a-b*RC (right vs left)   0.45          0.44                      0.42
  **Females FRC**                                                   
  Digit I                   0.38          0.48                      0.47
  Digit II                  0.48          0.39                      0.19
  Digit III                 0.33          0.33                      0.33
  Digit IV                  0.31          0.26                      0.47
  Digit V                   0.38          0.50                      0.33
  FRC (right vs left)       0.15          0.19                      0.15
  *a-b*RC (right vs left)   0.31          0.48                      0.38

NA = not applicable, FRC = finger ridge count, *a-b*RC = *a-b*ridge count \*Fishers Z test for significant differences : Non-affective versus controls, (p \< 0.02 \*\*Fishers Z test for significant differences : Non-affective versus affective psychosis (p \< 0.02)

###### 

Adjusted fluctuating asymmetry-difference method: right-left differences of finger ridge counts and*a-b*ridge counts in male and females

                        Mean (SD)                               
  --------------------- ------------- ------------------------- ---------------------
                        Controls      Non-affective Psychosis   Affective Psychosis
                                                                
  **Males**                                                     
                                                                
  Digit I               0.35 (0.03)   0.31 (0.03)               0.41 (0.05)
  Digit II              0.39 (0.04)   0.54 (0.05)\*             0.46 (0.10)
  Digit III             0.42 (0.05)   0.39 (0.04)               055 (0.14)
  Digit IV              0.30 (0.03)   0.27 (0.03)               0.29 (0.05)
  Digit V               0.29 (0.03)   0.37 (0.04)               0.32 (0.04)
  FRC (right vs left)   0.13 (0.02)   0.15 (0.01)               0.30 (0.13)
  ***a-b*RC**           0.08 (0.01)   0.07 (0.01)               0.08 (0.01)
  **Females**                                                   
  Digit I               0.35 (0.03)   0.43 (0.06)               0.27 (0.05)
  Digit II              0.54 (0.05)   0.50 (0.08)               0.49 (0.11)
  Digit III             0.40 (0.05)   0.43 (0.06)               0.34 (0.06)
  Digit IV              0.37 (0.04)   0.32 (0.04)               0.34 (0.07)
  Digit V               0.29 (0.03)   0.37 (0.05)               0.28 (0.05)
  FRC (right vs left)   0.17 (0.03)   0.17 (0.03)               0.14 (0.03)
  *a-b*RC               0.06 (0.01)   0.07 (0.01)               0.09 (0.01)\*\*

FRC = finger ridge count, *a-b*RC = *a-b*ridge count, Significant difference (F-test based on General Linear Model with adjusted probability estimates with Tukey-Kramer Test): \* between non-affective psychosis and affective psychosis (p \< 0.05) \*\* between affective psychosis and controls (p \< 0.05)

Applying the adjusted FA-difference method, there was a significant difference in FA for the index fingers when male from the non-affective and affective groups were compared (p = 0.04). However, no statistically significant group differences were found in males for the other variables using the adjusted FA-difference method (Table [3](#T3){ref-type="table"}). For *a-b*, there was significantly more FA in the female affective group when compared with the female controls (p \< 0.05).

Discussion
==========

Despite the large sample size, this study found little evidence of altered dermatoglyphic variables in either non-affective psychosis or affective psychosis compared with normal controls. While our findings of lack of group difference was consistent with some studies \[[@B21],[@B23]\], most groups have reported significantly reduced total finger ridge counts as well as in a-b ridge counts in schizophrenia versus well controls \[[@B22],[@B24],[@B25],[@B28]\]. In addition, the lack of differences in finger and *a-b*ridge counts in affective psychosis compared to normal controls was consistent with other studies \[[@B14],[@B25],[@B32],[@B34]\].

Our study did not find any statistically significant difference in fluctuating asymmetry for total finger ridge counts. However, there was a significant difference in FA for Digit II (index finger), where men with nonaffective psychosis had significantly more FA in finger ridge count compared to both normal controls and affective psychosis. This result was consistent over the two methods, and agrees broadly with the findings of Mellor \[[@B9]\] in which the greatest FA difference between schizophrenia versus controls was reported in the index finger. However, it is difficult to speculate on the meaning of this isolated function. Jantz showed that difference in right-left ridge counts was greatest for digit II compared to other digits (in normal subjects). Based on this higher directional asymmetry in digit II, we speculate that this digit may be more likely to differentiate groups with low versus high developmental instability. However, we recommend caution in the interpretation of this finding in the light of the many comparison undertaken in this study, and in the light of the fact that a similar difference was not found in females.

The result of overall no difference was in contrast with the findings reported by several other groups \[[@B19],[@B25],[@B30],[@B31]\]. We note that the two methods used in this paper (FA-correlation and FA-difference methods) were not in agreement for all variables. Thus inconsistencies in the literature may be related to the different formulae used to assess dermatoglyphic FA.

While our sample was predominantly Caucasian, each of major group differences may reflect ethnic/genetic difference between our sample and the samples included in the studies based in Ireland, USA, and UK. In addition, perhaps there are regional variations in the prevalence or dose of putative non-genetic factors that may impact on both dermatoglyphic and brain development. For example, we have previously published evidence suggesting that the size of the season of birth winter/spring excess is smaller in the southern hemisphere studies compared to northern hemisphere studies \[[@B49]\]. However, in contrast to the lack of group differences in ridge counts, we have previously reported significantly more minor physical anomalies (MPA) and altered craniofacial measures in this same sample \[[@B36]\]. However, the subjects in the current dermatoglyphic study (n = 468) were a subset of the previously published MPA study (n = 613). Separate to the current analyses, we have looked for association between MPA (a summary score of qualitative measures of the head and face) and the main dermatoglyphic measures, but no significant association was found (data not shown).

There are several limitations in our study. The patients in this study were recruited during a prevalence study of psychosis, thus those with chronic, persisting types of illnesses would be over-represented in this sample. As increased fluctuating asymmetry has been associated with increased severity of the illness \[[@B14]\], our result of lack of group difference is surprising. The use of community advertisement for recruitment of normal controls may have also introduced some unspecified bias in the sample. Another possible weakness of the study was the significantly higher age in the \'included\' group compared to \'not included\' (whose hands prints were not available) group. Ridge counts do not vary with age \[[@B5],[@B20]\]. It seems unlikely that secular or cohort changes extending over one or two decades in exposures would lead to appreciable changes in these variables. Measurement error can lead to greater variance and thus inflate FA. However, in this study measurement error was considered minimal as there was a single, experienced rater supervised by one of the author (DL). Finally, the alpha level was not adjusted for multiple comparisons, thus Type I errors cannot be excluded.

Yeo and colleagues \[[@B50]\] have proposed that properties related to increased developmental instability may underlie several of the features of schizophrenia, including increased minor physical anomalies, increased dermatoglyphic FA, and loss of normal cerebral asymmetry. Perhaps individuals at increased genetic risk of developing schizophrenia have reduced buffering capacity leading to the loss of phenotypic fidelity in the face of environmental stressors. Alternatively, perhaps environmental factors are responsible for the disruption in normal development, leading to immature structures that lack \'normal\' asymmetries. For example, the factors that lead to the loss of normal brain asymmetry \[[@B18]\] may also lead to the disruption of other forms of subtle asymmetry such as FA. Regardless of the underlying mechanisms, we found that FA was not a prominent feature of psychotic disorders in this sample. We also draw attention to the curious fact that while normal cerebral laterality is reduced in schizophrenia, this does not seem to be case for dermatoglyphic variables. While there is a substantial evidence showing altered brain morphology in groups of individuals with schizophrenia, there is a little evidence to link these features with altered dermatoglyphic variables within subjects \[[@B7]\]. The overall lack of FA and DA differences between schizophrenia and normal controls found in this study weakens the case that early developmental disruptions impact equally on the brain, and on finger and *a-b*ridge counts.

Overall, measures of finger and *a-b*ridge counts, and their derived measures of directional and fluctuating asymmetry were not prominent features of psychosis in this sample. While directional asymmetry in cerebral morphology is reduced in schizophrenia, this is not reflected in the dermatoglyphic variables assessed in this study.
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